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lation using N-biotinyl-L-lysinc and application of the bi-
atinylated LPS (Bi-LPS) to 1ocalization of LPS binding sites
and scbeellular distribution. Biotinylation of LPS was con-
firmed by enzyme-linked immunosorbent assay (ELISA), gel
immunodiffusion, and immunodot techniques. The biolog-
ical und toxicological activity of the Bi-LPS was tested by
Limulus : unmhocyte lysate (LAL) assays and histopatholog-
ical examinations, respectively. Results showed that biotin
was conjugated to LPS without distupting the biological/
toxicological activity of the molecule, which indicates that
the biotin is dircctly linked to the polysaccharide portion
of 1P, Localization of binding sites and subcellular distri-

Introduction

The avidin-biotin complex (ABC) has become an indispensable
tool in immunocytochemistry and molecular biology. Avidin is a
large (70.000) molecular weight glycoprotein with an affinity con-
stant of 107" M~" for biotin, a small MW vitamin (26). This affiniey
1s over one million times higher than that of antibody for most
antigens. Inaddition to this high affinity, ABC can be effectively
explotted because avidin has four binding sites for biotin, and most
proteins can be easily conjugated with several molecules of biotin.
Thi> complex has been widely used in electron microscopy for tabel-
ing specific cell components, recepters, surface and intracellular
antigens (1,27), and in situ hybridization (13,24).
Lipopolysacchatides (LPS). endotoxins from Gram-negative bac-
weria, arc known to be involved in the pathogenesis or induction
of endotoxemia and septic shock. LPS consists of polysaccharide-
specific antigen, core region, and lipid A. Lipid A (glycolipid) is
the endotoxically active center of LPS. Studies on surface bindiug,
membrane incorporation. and subcellular distribution of LPS using
rad‘olabeled (4,14,15,28). FITC-conjugared (16), and horscradish
peroxidase (HRP)-conjugated (19) LPS, and LPS-antibody-HRP or
gold (9,11.21), have been reported. However, studies on ultrastruc-
wiral localization of cell surface binding sites and subcellular dis-
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We describe a procedure for lipopolysacchuride (LPS) biotiny-
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bution of Bi-LPS in human platelets and monocytes were
studied by electron microscopy using an avidin-biotin -horse-
radish peroxidase (HRP) or streptavidin-gold method. Platc-
let surfaces were intensely stained by the reaction product
of horseradish peroxidase (HPR) 5 min after incubation, and
Bi-LPS was localized in small vesicles and vacuoles of plate-
lets and in the phagocytic vacuoles of monocytes 60 min post
incubation. Bi-LPS provides a reliable, stable, and sensitive
too! for determination of LPS binding sites and subceltular
distribution, (J Histochem Cytochem 36:1131-1137, 1988)
KEY WORDS: LPS; Biotinylation: Lysine: Bmdmg site; Subcellular
distribution; Electron mncrouopy(-l T N
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tribution of LPS arc few. although HRF conjugated LPS has been
reported to demonstrate surface binding sires in erythrocytes at
the ultrastructural level (19).

Four presently available activated bictin reagents emploved for
biotinylation of biologically active molecules are biotin-N- hydrs-
succinimide ester, 2-iminobiotin-N-hydroxysuccinimide ester, mael-
iniidobutyrl biocytin, and biotin-hydrazide. Thesc activated biotie
reagents cannot be used direcily for bictinylation of LPE berauee
of their chemical cffects. Biotin-hydrazide, which is zoupled thoough
carboxyl or keto groups (12,14.18), causer loss of fatty acids (2).
Biotin-N-hyd:osuccinimide ester and 2-iminobiotin-N-hydroxys.sc-
cinimide ester are coupled through free amino gioups (12,14.18),
anrd maclimidobutyrl biocytin through sulfhydryl groups (5). In
LPS, neither amino groups nor sulfhydry( groups are present in the
pelysaccharide maieties. Therefere, a suitaple bridging mulecule
is 1equired to link biotin to LPS,

‘This report describes a procedure for LPS biotinylation using
N-biotinyl-L-lysinc with lysine as a bridge between LPS polysac-
charide moicties and biotin, Italso presents examples of avidin-Bi-
LPS complex staining in clectron mictoscopy.

Materials and Methods

Procedure for LPS Biotinylution

A procedure modified from the metaod reported by O'Shannessy et al.
(18) was used for LPS biotinylation. Ten miltigrams (10 mp) of LPS(E cofi
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0111:B4; Calbiochem, La Jolta, CA} wete dissolved in 7 mi 0.1 M sodium and biotinylated HRP (ABC kit: Vector Labotatories, Butlingame, CA) at
acetate bufter, pH 5.2%, and oxidized with 1.5 ml 0.05 M sodium periodate 1oom temperatuce for 20 min After three washings in PBS for 15 min,
at 4*C for 20 min, The reaction was stopped by addition of 1 ml 1.5 M the samples were incubated in a medium containing H;0; and diaminoben.
glycerol. After S min the reaction product was dialyzed overnight in a piece zidine tetrachloride at room temperature for 30 min (7.8). The plastic sheets
of Thomas 3787.F25, 8000 MW cutoft dialyzer tubing againsts 0.1 M so- were then washed with PBS and examincd.

dium acetate buffer, pH 5.37, at room temperature. Ina 10 mi screw-cap

vial. 8.7 ml of the oxidized (LPS were added 10 25 mg biocytin (Sigma Chem-

ial Company: St. Louis, MO) and dialyzed for 64 hr at 4°C. The bictinylated Limulus Amoebocyte Lymte Asmy

lipopolysaccharide (Bi-LPS) was stored at 4°C until used. Endotect (ICN; Cleveland, OH), based on Limalus amochocyre lysate (LAL)

S e e - o= o - - . ———reactionwith.-endotoxin, was used to detect the reactivity.of Bi-LPS. Non-. .
. . Y . . hiotinylated LPS and pyrogen-frec PBS were used as controls.
Confirmation of LPS Biotinylation and Shelf Life y pytog

Srocedures induding double immunodiffusion, immunodot, and ELISA . . .
were used totest LPS biotinylation. Five difterent dilutions (1:2, 14, 118, BIO/OglCd/ Acmtty
116, and 1:32) wete prepared from 1 mg/m) Bi-LPS in phosphate-buftered
<line (PBS; 0.01 M phosphate. 0.15 M NaCl, pH 7.2). Non-biotinylated

_ _ LPSand PBS were used as controls. For testing the shelf life of Bi-LPS, sam-
ples that had been stoted ar 4°C for 12 and 22 weeks were used for ELISA
and double-immunodiffusion evaluation.

Five Balh/CJ female mice (2025 g body weight) per gtoup were given 200
pg of Bi-LPS and LPS in 0.3 ml saline, respectively, by 1p injection. Control
animals weee given saline only. After-48 hr, animals were sactificed and
livers were excised and processed for histopathological examinations.

ELISA Technique. Scrial dilutions of sonicated suspensions of Bi-LPS

and LPS were prepared in 96-well polycarbonate plates. The plates were Localization OfBiﬂdiﬂg Site and Intracellular
incubated at 37°C overnight  The supernatant in cach well was pouted oft J

and blocked with 0.05% gelatin in PBS for 1 hr at room wempetature, The Distribution in Human Platelets and Monocy’es
wells were washed theee times with PBS. One milliliter of 0.05% gelatin Penipheral blood mononuclear cells (PBMC) were purified by Ficoll-Hy-
in PBS was added to a vial containing I ml solution of avidin-alkaline phos- paque gradient density centrifugation of heparinized venous blood from
phatase (Sigma). The solution was diluted with PBS to a 1:200 ratio. One healthy donots (5). The layet containing PBMC was collected in RPMi 1640
hundred microliters of this solution were added to each well and incubated medium (Gibco Laboratories; Grand Island, NY) and used without wash.
on ice for 2 hr. The wells were again washed three times with PBS. One ing so that platclers could also be retained. Cells were exposed to 100 pg/ml
hundred microliters of phosphatase substrate (1.5 mg/ml (Sigma) were of Bi-LPS or LPS in RPMI 1640 medium at 37°C for 5 and 60 rain. At the
t added to cach well and incubated tor 30 min at room temperature. The end of each incubation, cells were fixed immediately in 1% glutaralde-
reaction was stopped by addition of 50 pl of 3 M NaOH to cach well. The hyde-1% paraformaldchyde at room temperatusc for 30 min. After three
plates were then read at 405 nm on a Micro titer reader (MR 600 Microplate washings in 0.1 M sodium cacodylate buffer (pH 7.5), cells were stored in
, Readetr: Dynatech). the same buffer in a refrigerator until further processing.
Ouchterlony Technique (Double Immunoditfusion: DID). From each .A.vndm-bxo(n.\—horscradnsh petoxidase complexes (Vector) or strep-
L e . . tavidin-geld conjugates (20 nm) (Bethesda Reseatch Laboratory; Bethesda,
of the dilutions made for ELISA, 35 pl of the diluted solution were added MD) were used to label the Bi-LPS bound 1 sutf blatel 4
w0 the peripheral wells of an immunodiffusion disk (Miles Scientific; Naper- ) weze used to label the Bi- > bound to cell sutfaces ot platelets an
. W T . Chpa . . monocytes. HRP was developed by incubating in a diaminobenzidine-H,0,
ville, IL). Thirty-five microliters of diluted avidin-FITC solution (1:10) . . o .

. . g - ) medium (7,8). Cells incubared with Bi-LPS ot LPS for 60 min were treated
(Sigma) were added to the central well. Diffusion was allowed to proceed . ' . A .
for 48 hr at foom temperature with 0.3% H,0; for 30 min to abrogate the endogennus peroxidase activ-

b ’ ity and then with 0.2% saponin in 0.1 M sodium cacodylate buffer, pH

Immunodot Technique. PVCsilica micropotous glutaraldehyde-acti- 7.5, for 2-3 ht before incubation in avidin-biotin-HRP in ‘ris-saline (pH

vated plastic sheets (Polysciences, [t Warrington, PA) were used. A drop 7.6) with 0.2% saponin at 4°C for 24 hr. HRP was revealed by the afore-
of 10 pul Bi-LPS solution of 1:2, 114, and 118 dilutions was spot-placed on mentioned procedure (7).

the plastic sheets and air-dried. The plastic sheets were immersed for 20-30 All ceil samples were post-fixed in 2% osmium tetroxide at 4°C for

min in PES (pH 7.4) containing 1% bovine scrum albumin (BSA). The 2-3 hr, dehydrated in a series of graded ethanol solutions and propylenc

plastic sheewswere incubat=d in 2 solution containing 1:100 dilution of avidin oxide, and embedded in Epon (Poly/Bed; Polysciences, Watrington, PA).

Table 1. Reswlts from Bi-LPS difutions using double immunodiffusion (DID) and ELISA techniques?

Dilutions

Samples

Bi-LPS
V12 wiks)
Bi.L.PS
(22 wks) +
LP> - - - - - - - : -
ERS - - : - - - - - - - -

4 A, ELISA. 8. doubleammunodiffusnn technique: + « o sarong fluorescence o precipitation line. + +. modesate fluntexence of precipitation line: +. weak fluores-
tence or preapitation lnes L o predpitation ne




__line{arrows) betwaen the central and periph-
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Figure 1. Ouchterlony immunoditfusion
disk used for confirmation of LPS biotinyla-
tion. (a) and (b) wells contained Bi-LPS of
various dilutions anc storage times; (¢) well
contained noi-biotionylated LPS; (d) well
contained 1°BS only; (e) and (t) wells con-
tained 0.1 M and 0.05 M sodium acetate,
‘espectively; central well (av) contained 1
mg/m! FITC-conjugated avidin. The crescent
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eral wells indicates the teaction product of
Bi-LPS with avidin.

Figura 2. Confirmation of LPS bictinylaiion
using the immunodot technique. Bi-LPS of
various concentrations (aand f, 1 mg/ml; b,
05 mg/mi; ¢, 0.25 mg/ml), LPS (d), and PBS
(e) were spot-ptaced on PVC-silica and
treated-as described-in the text for visual-
ization. The presence of HRP reaction prod-
uctis indicative of biotinylatiot, and the in-
tensity of staining correlates with various
concentrations. Positions d and ¢, showing
no staining, are non-bictinylated LPS and
PBS, respectively.

Ultra-thin sections prepared with a diamond knife were lightly stained in
lead citrate and examined in a JEOL, 100 CX transmission electron micro-
scope.

Results

Results from the tests of Bi-LPS samples using ELISA and immu-
nodiffusion techniques indicated that positive reactions were found
only in 14, 1:8, and 1:16 dilutions. No reactions were observed
in the ELISA samples without dilution or at 1:2 dilution and in
the samples diluted at 1:32 for the immunodiffusion tes: (Table
1). As indicated by the formation of a crescent avidin-biotin-LPS
complex. Bi-LPS remained reactive after being stored for 12-22
weeks (Figure 1). Similar tesults from the same samples were ob-
tained by using an immunodot procedure (Figure 2, Table 2).

Gelation was observed in both Bi-LPS and LPS using Limeulus
amocbocyte lysate. This indicated that the teactivity of Bi-LPS was
retained after the biotinylation procedure. Gelation was not tormed
by pyrogen-frec PBS (Table 3).

Results from the histopathological examination indicated scat-

2

tered foci of slightly to moderately swollen hepatocytes with cither
increased cytoplasmic granulocytic (cloudy swelling) or many in-
tracytoplasmic microvacuoles (vacuolar degencration) and mild
coagulative nccrosis in animals treated with LPS and Bi-LPS, tespec-
tively (Figure 3). No pathological altcrations were observed in livers
of control animals which wete given saline only (Figure 4).

Five minutes after incubation with Bi-LPS, the surfaces of plate-
lets were intensely stained by the reaction product of HRP or la-
beled by gold graias (Figures SA and 5B), whereas the cell surfaces
of the monocytes were labeled by a few gold grains und HRP reac-
tion product (Figures 6A and 6B). No staining or labeling was ob-
scrved on the cell surfaces of both platelets and monocytes in the
samples incubated with non-biotinylated LPS. Incorporated Bi-LPS
was observed in platelets 60 min and in rnonocytes S min after in-
cubation. The reaction product of HRP, indicating incotporated
LPS, was observed in small vesicles and vacuoles of platelets (Fig-
ure 7). In monocytes, Bi-LPS was localized in many large phago-
cytic vacuoles as previously reported (10) (Figures 8 and 9).

Table 3. Results of Limulus ameobocyte lvsate assays®

Dilntions

Table 2. Results from immunodot tests using PVC-silica® Sumples 1 132 4 18 1:16 1:32 I

Dilutions Bi-LPS

- - (22 wks) + + + + + +
Samples 1 1.2 14 Bi-LPS
PBS - - - (12 wks)
LPS - - - LPS
Bi-LPS (22 wks) b a + 4 + PBS - - - - - -
4 4+ s+, strong HRP staining, + +, modetate; +. weak; -, no reaction. 4 4. gelaon: -. no gelation reaction.
nenti aodgjor
R syt 3peclial

pyiC

cort | 00
\NSPECTED | N’ 9. l
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Discussion

In this study. we have developed a technique for biotinylation of
LPS from E. colf (B4) using lysine as a bridge. This provides a sim-
ple and rapid procedure for synthesizing stable Bi-LPS for ultra-
structural localization of surface binding sites and subcellular dis-
tribution. The hydroxyl groups on the carbohydrate moicties are
the sites for biotin attachment. The glycosides in the polysaccha-
ride portion of LPS contain vicinal hydroxyl groups in a gauche
conformation. Oxidation of glycosides by periodate yields dialde-
hyde. whicii can: react with d-amino group of lysine whose € group
is linked to biotin (N-biotinyl-L-lysine or hiotinyllysine). Biotiny-
Jation was confirmed by the results from all the tests using double
immunadiffusion, ELISA, and immunodot methods. Importantly,
our results also indicated that the biologicalftoxicological activi-
ties of Bi-1.PS were retained, as shown by the pathological altera-
tions in the liver after udministration of Bi-LPS. The retention is
due to the use of an activated biotin reagent and lysine, which was

ODEYALE, KANG -

Figure 3. Liver of mouse treated with Bi-
LPS or LPS. Pathological changes includ-
ing necrosis, sinusoidal distension, and
vacuolation of hepatocytes are evident 48
hr after injection with Bi-LPS or LPS. Origi-
nal magnification x 732.

Figure 4. Liver of normal control animal.
The hepatic tissue displays normal morphol-
ogy. Original magpnification x 732.

Figure 5. Localization of surface LPS bind-
ing sites in platelets using Bi-LPS and
avidin-biotin-HRP or streptavidin~gold (20
min). (A) HRP reaction product represent-
ing LPS binding sites is localized on the cell
surface 5 min after incubation. Original
magnification x 43,200. (B) A few gold
grains are seen on the surface of the cell
5 min after exposure to Bi-LPS. Original
magnification x 29,960.

used as a linker between the carbohydrate moieties and biotin with-
out disrupting lipid A, the biologically active center of LPS. Al-
though the percentage of biotinylated LPS molecules was neither
determined nor implied, we have shown by the use of four diffet-
ent methods that at least a sizeable quantity of the amount of LPS
used was biotinylated. Other than a slight difference in the pH
of sodium acetate buffer in which LPS was dissolved and in which
the samples were dialyzed, there was no other relevant difference
between the 12 and 22-week-old samples.

LPS has a micellar size of several millions in aqueous solution,
as a result of aggregation of each amphipathic LPS molecules (20)
depending on pH. The stacking of LPS particles (6,22,23) and the
transition of LPS partictes from disks to vesicles (6) have been
reported. The degree of dispersion of LPS (availability of Lipid A)
is believed to affect its ability to attach to the wells. Therefore, the
negative reactivity at high concentrations using the ELISA technique
may have been due to the non.availability of the lipid moieties
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Figure 6. Localization of surface binding
sites in monocytes by Bi-LPS and strep-
tavidin~gold er avidin-biotin-HRP. Mono-
cytes are characterized by many peroxi-
dase-positive granules in the cytoplasm. (A)
Gold grains are seen attaching to the cell
surface 5 min after incubation. Original
magnification x 10,000. (B) The cell surface
is distinctly stained by HRP reaction prod-
uct after a 5-min incubation with Bi-LPS. Ar-
row indicates ingested LPS bitayers. Origi-
nal magnification x 11,300.

Figure 7. Intracellular localization of LPS in
platelets using Bi-LPS and avidin-bi-
otin-HRP. LPS bilayers stained by HRP
reaction product (arrows) are observed in
the vacuoles and vesicles of platelets 60 min
after incubation. Original magnification x
72,000.

Figure 8. Intracellular localization of LPS in
monocytes using Bi-LPS and avidin-bi-
otin-HRP. Sixty minutes after incubation,
LPS bilayers that are intensely stained by
HRP reaction product are seen in many
phagocytic vacuoles (arrows). Original mag-
nification x 10,000

of LPS to serve as anchors to the wells. Our results have shown that
sonication of low-conceatration samples for a few minutes increased
tne relative dispersion of lipid moieties and enhanced the positiv-
ity of test results. This is in agreement with the reported results
of Ogawa and Kanoh (17). Also, at high concentrations, the double-
immunodiffusion technique did not show a positive reaction until
after 72 hr. This may be due to that large micellar formation men-
tioned above obviously impeding diffusion. These results indicate
that sonication and serial dilution are necessary to limit micelle
formation and aid diffusion through the gel. LPS has been revealed
(23) by conventional TEM, scen as stacked and/or bilayer structures.
Buc on the surface of intact bactetia, the lipid-A portion of the
1.PS which causes the stacking is still embedded in the cell walls
of die bacreria, feaving the polysaccharide portion hanging freely
outside. Therefote, unless an antibody specific to the polysaccha-

ride is used, the structure of the latter could not be revealed by
conventional TEM, However, using the Bi-LPS technique the poly-
saccharide moieties on the surface of intact bacterial can be revealed.
As shown in Figutes SA, GB, 8, and 9 with respect to the inten-
sity and clarity of surface and intracellular staining, LPS-biotin~
avidin~HRP complex has proven to be more advantageous and of
greater analytical value than radiolabeled, FITC-conjugated, and
HRP.conjugated LPS. Bi-LPS has at least two advantages over
LPS-HRP conjugates which wete previously used to localize LPS
receptors ot binding sites on the sutface of erythrocytes (16). First,
avidin- or streptavidin-linked HRP, colloidal gold, ferritin, or he-
mocyanin can be used as matkers for localization of surface bind-
ing sites or receptots at the light or ultrastructural level. Second,
Bi-LPS provides more intense staining than LPS directly linked to
a matker, since avidin-biotion-HRP can amplify staining. Morcover,




Frgure 9. Intraceliular localization of LPS in monocytes using Bi-LPS and
avidin-biotin-HRP. LPS bilayers (large arrows) stained by HRP reaction prod-
uct are seen in vacucles with atirmiting membrane (small arrows). Original mag-
nthication x  160,000.

LPS binding sites on the cell surface can also be analyzed quantita-
tively by labeling with colloidal gold or ferritin (25).

In conclusion, Bi-LPS provides a reliable and sensitive means
for study of LPS binding sites and subcellular distribution because
of 1ts smaller size and casier intracellular diffusion as compared
to other LPS probes.
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